Objectives: The value of adjuvant radiotherapy for triple-negative breast cancer (TNBC) has been controversial recently. This study aims to clarify the influence of radiotherapy on the survival of TNBC patients after surgery based on a large population analysis. Methods: The Surveillance, Epidemiology, and End Results (SEER) database was exploited to select eligible patients from 2010 to 2014. The categorical variables were examined by chi-square tests. Breast cancer-specific survival (BCSS) and overall survival (OS) were compared among patients who received or not received adjuvant radiotherapy after surgery by Kaplan-Meier method with log-rank test.
| INTRODUCTION
Triple-negative breast cancer (TNBC) is a heterogeneous disease which represents 15%-20% of breast cancer incidences. 1 The incidence increased from 14.5 new cases per 10 5 inhabitants in 1993 to 70.2 per 10 5 in 2012. 2 Compared with other subtypes, TNBC is associated with an early age at presentation, larger tumor sizes, higher rates of recurrence, more aggressive biology, and poorer prognosis. 3 Particularly, the median survival of TNBC patients with brain metastasis was only 6 months. 4 The absence of hormonal or targeted therapy against TNBC makes it a clinical challenge for oncologists in terms of patient management. 5 Radiotherapy such as radiosurgery or hippocampal sparing technique may provide efficacious local tumor control with minimal side effects. 6 However, controversies still exist with respect to the use of radiotherapy for patients with TNBC.
The value of adjuvant radiotherapy on survival of TNBC patients after surgery is still uncertain. A recent study reported that women with T1-2N0 TNBC treated with modified radical mastectomy without radiotherapy had a significantly increased risk of locoregional recurrence and poorer survival. 7 On the other hand, another study revealed that omission of radiotherapy in patients with pN0 TNBC did not seem to result in poorer outcome. 8 Those previous reports investigating the survival outcomes of TNBC patients according to local radiotherapy status have produced conflicting results. Some studies were underpowered because of their small sample sizes. Thus, accurately evaluating the role of radiotherapy in the prognosis of TNBC has become increasingly important. The present study used the Surveillance, Epidemiology, and End Results (SEER) database to enroll a large population of TNBC cases to investigate the survival differences between radiation and no radiation groups, which may overcome the defects of previous studies. We have examined patient characteristics (age, marital status, and race), tumor variables (grade, TNM stage, and tumor size), and treatment (chemotherapy, radiation, and surgery). Breast cancer-specific survival (BCSS) and overall survival (OS) were comprehensively compared between patients who received radiotherapy after surgery and those who did not receive radiation. We sought to evaluate factors associated with the prognosis of TNBC patients, highlighting the influence of radiotherapy on the survival outcomes of TNBC patients.
| PATIENTS AND METHODS

| Patient selection
All the data in this study were extracted from Surveillance, Epidemiology, and End Results (SEER) 18 registries Custom Data (with additional treatment fields). We used SEER*Stat version 8.3.5 software to retrieve data files directly. Given this database is publicly available and does not require informed patient consent, our study was exempted from ethical institutional review board. The inclusion criteria for the patients: (a) female unilateral breast cancer diagnosed from 2010 to 2014; (b) primary breast cancer as the first or only cancer diagnosis; (c) the breast cancer subtype was triple negative; (d) radiation sequence with surgery was "No radiation and/or cancer-directed surgery" and "Radiation after surgery." The diagnosis was not obtained from a death certificate or autopsy. Those patients with unknown marital status, race, grade, AJCC TNM stage were excluded. Patients before 2010 were excluded because HER2 status was not recorded in SEER until 2010. Those patients after 2014 were also excluded because the 
| Data collection
The following variables were collected from each patient: age at diagnosis, marital status, race recode, tumor grade, AJCC TNM Stage, tumor size, chemotherapy recode, radiation status, surgery type, SEER cause-specific death classification, vital status, and survival months. BCSS was defined as the date from diagnosis to death from breast cancer. OS was defined as the period from diagnosis to death from any cause. BCSS was the primary endpoint, while OS was the secondary endpoint.
| Statistical analysis
Demographic statistics included age at diagnosis, marital status, race recode. Age was divided into <40, 40-60, >60 years groups. Marital status comprised married and not married including divorced, widowed, single (never married) and separated. Race recodes included white, black, and other (American Indian/AK Native, Asian/Pacific Islander). Tumor features included grade, AJCC TNM Stage, and tumor size. The therapy contained chemotherapy, radiation, and surgery. Chi-square tests were used to evaluate the differences of categorical variables between no radiation and radiation groups. Associations between clinicopathological factors with receipt of radiotherapy after surgery were evaluated using logistic regression analysis. Kaplan-Meier plots and log-rank tests were adopted to compare the differences of BCSS and OS between the two groups. Univariate and multivariate Cox proportional hazard models were used to characterize factors for patients' survival, with hazard ratios (HRs) and 95% confidence intervals (CIs) indicated. All the statistical analyses were performed using SPSS statistical software, version 23.0 (SPSS, Chicago, IL, USA). A two-tailed P < 0.05 was considered statistically significant.
| RESULTS
| Patient characteristics
According to the inclusion and exclusion criteria depicted above, totally 22 802 patients were enrolled in this study, of which 10 905 patients received radiotherapy after surgery while 11 897 patients did not receive radiotherapy. The demographics, tumor, and therapy characteristics in each group can be seen in Table 1 . Except for grade, there were significant differences in many variables between the two groups. Compared with those patients who did not receive radiotherapy, patients in the radiation group were more 40-60 years old (46.5% vs 43.7%), more married (59.1% vs 54.2%), more black race (21.8% vs 19.1%), more stage T1 (45.9% vs 38.7%) while less stage T2 (39.9% vs 44.5%), more N1-N3 while less N0 (62.1% vs 65.6%), all the P < 0.001. Furthermore, the radiation group had a larger proportion of tumor size <2.0 cm (45.8% vs 38.8%) and chemotherapy (82.5% vs 67.4%). As for surgery type, 34.7% of the patients in the no radiation group received total mastectomy, while 71.5% in the radiation group received partial mastectomy (P < 0.001). The detailed patient characteristics are summarized in Table 1 .
| Factors associated with receipt of radiotherapy after surgery
To better understand the criteria of patient selection, we further analyzed the clinicopathological factors associated with receipt of radiotherapy. As is vividly revealed in Table 2 , the univariate logistic analysis demonstrated that age >40, married, stage N1-N3, chemotherapy, and surgery were associated with increased propensity of receiving radiotherapy, compared to each referent group (OR > 1, P < 0.05). The multivariate logistic analysis indicated that patients who were married, stage T3-T4, stage N1-N3, received chemotherapy, and surgery were more liable to be treated with radiotherapy (OR > 1, P < 0.05).
| Survival analysis of all population
Of the 22 802 patients finally recruited, 3446 patients were dead at the end of the last follow-up. Moreover, 2749 patients were dead from breast cancer specifically. The Kaplan-Meier plots displayed that patients in the radiation group had better survival than the no radiation group in both BCSS and OS (P < 0.001, respectively). The survival curves of BCSS and OS are exhibited in Figure 2 .
The Cox proportional hazard model was applied to further probe the effect of multiple factors on BCSS and OS. In univariate analysis of BCSS, higher grade, more advanced TNM stage, larger tumor size, were proved to be risk factors for poor survival (HR > 1, P < 0.001). By contrast, age 40-60, married status, white and other race, chemotherapy, radiation, and surgery were found to be protective factors for better survival (HR < 1, P < 0.05). Specifically, patients who received radiotherapy exhibited better BCSS (hazard ratio [HR] = 0.52, 95% CI = 0.48-0.57, P < 0.001). All these variables mentioned above were subsequently enlisted in the multivariate Cox analysis. After adjusting for those confounding factors above, receipt of radiotherapy was still associated with improved BCSS (hazard ratio [HR] = 0.79, 95% CI = 0.72-0.87, P < 0.001), compared with the no radiation group (Table 3 ). The detailed results of Cox regression analysis of BCSS are available in Table  3 . Similarly, univariate analysis of OS also indicated that radiation was associated with a significant survival advantage over the no radiation group (HR = 0.50, 95% CI = 0.47-0.54, P < 0.001). In multivariate Cox regression analysis, those patients treated with radiotherapy had superior OS (HR = 0.76, 95% CI = 0.70-0.82, P < 0.001) compared to those not radiated (Table 4 ). The concrete results of OS analysis are shown in Table 4 . Generally, these data indicate that radiotherapy after surgery has significant survival benefits for the whole TNBC patients.
| Survival analysis stratified by T stage
To better understand the survival benefits of radiotherapy after surgery for the TNBC patients, we further analyzed the influence of radiotherapy on patients' survival stratified by T stage. The Kaplan-Meier plots indicated that radiation exerted BCSS benefits for patients from both T1-T2 population and T3-T4 population (P < 0.001, respectively). Apparently, the survival benefits for T3-T4 patients appeared more remarkable. The survival curves of BCSS analysis stratified by T stage are displayed in Figure 3 .
| Survival analysis stratified by surgery type
Given surgery approaches may also affect radiation strategies. For solid elucidation of the survival benefits from radiotherapy after different surgery types, we stratified those patients by surgery type for further survival analysis. As is shown in Figure 4A , radiation exerted a significant survival advantage for patients after partial mastectomy. By contrast, radiation exerted significant survival disadvantage for patients after total mastectomy ( Figure 4B ). Furthermore, radiation had no significant survival benefit for patients after modified radical mastectomy ( Figure 4C ). Consequently, different surgery types may also affect the influence of radiotherapy on the survival of TNBC patients.
| DISCUSSION
Currently, controversies regarding the use of radiotherapy for TNBC may affect decisions for the locoregional management of those patients. 9 Based on a large population from the SEER database, this study retrospectively examined the clinicopathological characteristics and the efficacy of radiotherapy on survival outcomes of TNBC patients. Our data indicate that radiotherapy after surgery provided significant survival benefits of both BCSS and OS for the TNBC patients. The value of adjuvant radiotherapy for TNBC has been appraised by several previous reports. A retrospective analysis of breast cancer patients from the Danish Breast Cancer Cooperative Group (DBCG) 82b and 82c trials revealed no survival benefit for postmastectomy radiation within TNBC patients. 10 This study only enrolled 152 TNBC patients, limiting the power of the analysis. Comparatively, our investigation has recruited a much larger population of TNBC patients. So the power of analysis in our study seems more convincing. On the other hand, another recent study reported that adjuvant radiotherapy appeared to be independently associated with a survival gain in locally advanced as well as in very young TNBC. 11 Consistent with this study, our results reflected that patients received radiotherapy after surgery exhibited better BCSS and OS in Kaplan-Meier plots and Cox regression analysis. Moreover, we also analyzed the clinicopathological factors associated with receipt of radiotherapy. The multivariate logistic analysis revealed that married status, stage T3-T4, stage N1-N3, received chemotherapy, and surgery were independent factors associated with receipt of radiotherapy. These findings may help us to select the potential population who will benefit from post-surgery radiation. Nevertheless, radiotherapy did not appear to be constantly associated with an overall survival benefit in TNBC. 12 In addition to radiotherapy after surgery, several confounding factors such as age at diagnosis, marital status, tumor TNM F I G U R E 2 Survival curves with the log-rank tests of (A) breast cancer-specific survival (P < 0.001) and (B) overall survival (P < 0.001) stage, chemotherapy may also account for the potentially important survival differences. In order to adjust the confounding variables of baseline demographic, clinicopathological, and treatment characteristics, we applied multivariate Cox regression analysis to highlight the influence of radiotherapy on the survival of TNBC patients. Our results reflected that women received radiotherapy after surgery exhibited better BCSS and OS than those without radiation in multivariate Cox regression analysis after adjusting for confounding variables. So our findings are in accordance with Chen's study, which claimed that TNBC patients treated with postmastectomy radiotherapy significantly improved survival in the entire cohort. 13 Our findings uphold the recommendation of radiotherapy for TNBC patients after surgery. Although we have found the significant survival benefits from radiotherapy after surgery based on all population analysis, the majority of patients included were pT1-2N0-1. For solid elucidation, we stratified those patients by T stage for further survival analysis. The subgroup analysis indicated that radiation exerted BCSS benefits for patients from both T1-T2 population and T3-T4 population. Comparatively, the previous study reported that T1-2N0 TNBC treated with modified radical mastectomy without radiotherapy had a significantly increased risk of locoregional recurrence and poorer survival. 7 So our results have highlighted the vital F I G U R E 3 Survival curves with the log-rank tests of breast cancer-specific survival for T1-T2 population (A) and T3-T4 population (B) F I G U R E 4 Survival curves with the log-rank tests of breast cancer-specific survival for partial mastectomy (A), total mastectomy (B), and modified radical mastectomy (C) role of radiotherapy for the TNBC patients after surgery. In addition, different surgery types may also affect the influence of radiotherapy on the survival of TNBC patients, so we have performed further stratified analysis by surgery types. Intriguingly, the overall results indicated that radiotherapy only exerted significant survival advantage for patients after partial mastectomy rather than those after total mastectomy or MRM. These findings are consistent with previous reports, which revealed that breast conservation therapy with radiotherapy produced significant survival advantage over MRM or mastectomy only. 7, 11 As a result, the evidence of radiation following breast conservation therapy has become more adequate from our study. Inevitably, there are several limitations to our study. First, this is a retrospective study from SEER database rather than a prospective cohort study, so the inherent selection biases could limit the external validity of this study. Second, information about cancer recurrence and subsequent sites of disease involvement is not available from SEER database, so we are unable to evaluate the influence of radiotherapy on locoregional recurrence-free survival of the patients. Third, SEER database does not provide detailed information about radiotherapy (site, extent, and technique-stereotactic radiosurgery or whole-brain radiotherapy). These variables may also affect the survival of TNBC patients. These limitations may have contributed to study bias and undermine the power of analysis.
T A B L E 3
Cox proportional hazard regression model of breast cancer-specific survival (n = 22 802
| CONCLUSION
In conclusion, our study indicates that radiotherapy after surgery has significant survival benefits for the patients with TNBC. The survival advantage of adjuvant radiotherapy for TNBC patients has been confirmed in this study. Our results may optimize the current individualized treatment decisions for the TNBC patients. Further prospective clinical trials are still needed to validate our findings.
